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PENETRATION ANALYSES OF PROTECTIVE SUITS AND BOOTS AGAINST JET
FUEL (JP-8)

INTRODUCTION

Norwegian Defence Research Establishment, Divisjon for Protection and Materiel (FFIBM)

was asked by Norwegian Air Material Command (LFK) to undertake testing of three different

protective suits and one pair of protective boots with regard to jet fuel (JP-8). The tested suits

and boots are being considered for work in fuel tanks. Jet fuel was already obtained from LFK.

2 EXPERIMENTAL

2.1 Analytical apparatus

The analytical apparatus used to test the penetration of jet fuel (JP-8) through the protective

suits and boots consist of  permeation cell and a flame ionisation detector (FID). A gas stream

of nitrogen transports the penetrated jet fuel from the test ccli to the detector. The test cell is

shown in Appendix A together with the set-up of the system. The tested suits and boots were

permeable and because the system uses positive pressure, a thin polyethylene film was applied

under the test pieces. This is proved to have no noticeable effect on the penetration of jet fuel

through the tested materials. The nitrogen flow through the test cell was approximately

60 mi/min and the FID was operated at 250°C. In earlier tests, 100 microlitre instead of an

excess of the penetratiort agent and also other carrier gas fiows were used. These differences

does not influence on the breakthrough limit but gives different accumulated penetrated

amounts. The resuits ofthese tests should only be used to compare the specific test materials.

2.2 Protective suits and boots

Three different protective suits and one pair of protective boots were tested with regard to

2penetration of jet fuel (JP-8). The area of the test pieces were 12,5 cm.
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• Test number 1-00:
	 Nomex HIA, water repellent

	

Test number 2-00
	

Nomex HIA, flame & acid resistant

	

Test number 3-00:
	 Dale antifiarne protective fabrics

	

• Test number 4-00
	

Whites protective boots

2.3 Penetration agent

Jet fuel (JP-8) was used as the penetration agent in these analyses, and an excess ofthis agent

was applied to each parallel. A filter paper was put on top of the test material to get good

contact between the penetration agent and the materials to be tested. The test cell was ciosed

with a screw cap to avoid evaporation of the penetration agent. The density of jet fuel is

0,82 g/mI (1).

2.4 Breakthrough limit

The breakthrough limit used in these penetration analyses is in accordance with the

breakthrough limit in the Norwegian Standard for testing of protective clothing against liquid

chemicals (2). This breakthrough limit, where the analytical apparatus detect a permeation rate

of I .ig/(cm2 min), were chosen because there are no other available breakthrough limits in

relevance tojet fuel. It ought to be mentioned that this limit is not based on any toxicity data

for jet fuel and that the test results should only be used for comparing these different test

materials. It must also be mentioned that the flow rate of carrier gas through the test cell used

in these tests was 60 mi/min compared to the Norwegian Standard which uses 520±52 mi/min.

This gives a lower penetration rate through the test materials since the concentration gradient

across the material decreases with decreasing carrier gas flow.

3 RESULTS

3.1 Penetration

The results from the penetration analyses for the protective suits and the pair of protective

boots with regard to the penetration of jet fuel (JP-8) are given in the tables shown below.



The first table shows the breakthrough time for one parallel ofeach of the three different suits

in accordance with the breakthrough limit in Chapter 2.4. The symbol 0 means that the limit

has been exceeded at once. The second table shows the accumulated penetrated amount of the

penetration agent for one parallel of each of the three different suits at certain times in the

analyses. The foliowing tables show the breakthrough times and the accumulated penetrated

amount of jet fuel at certain times in the analyses for three parallels of the protective boots.

The curves for penetration rate and accumulated penetrated amount for the protective suits and

boots are given in Appendix B.

3. i .1 Protective suits

	

Test number 1-00	 Test number 2-00	 Test number 3-00

Breakthrough	 0	 0	 0
(1 ig/(cm2 min))

Table 3. I	 Breakthrough times for the ihree different protective suits with regard to JP-8
0: Breakthrough at once

Accumulated	 10	 30	 60	 120	 180	 240	 480
penetrated	 min	 min	 min	 min	 min	 min	 min

amount JP-8
(mglcm2)

Test number	 0,11	 0,45	 0,98	 2,00	 3,10	 4,10	 8,00
1-00

Test number	 0,09	 0,39	 0,84	 1,80	 2,70	 3,60	 7,20
2-00__

Test number	 0,08	 0,37	 0,80	 1,70	 2,57	 3,40	 6,80
3 -00      	 __

Table 3.2	 A ccumulated penetrated amounts ofJP-8for the ihree dfferentprotective suits

3.1.2 Protective boots

First parallel	 Second parallel	 Third parallel

Breakthrough	 2 h 36 min	 2 h 55 min	 2 h 50 min
(1 tgI(cm2 min))

Table 3.3	 Breakthrough times for the protective boots with regard to JP-8
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Accumulated	 10	 30	 60	 120	 180	 240	 480
penetrated	 min	 min	 min	 min	 min	 min	 min

amount JP-8
(mglcm2) _____ _____ _____

First parallel	 2,80 10	 3,50	 210	 ,00 10	 0,0117	 0,0663	 0,19	 1,30

Second parallel1,90 106 8,73 10' 9,27 i0	 0,0067	 0,0453	 0,14	 1,20

Third parallel	 4,25 10	 1.70 10	 1,93	 0.0093	 0,0530	 0,15	 1,10

Table 3.4	 Accumukitedpenetrated amounts ofJP-8 for the protective boots

4 DISCUSSION

As expected, the results show that there are large differences in protection properties between

the tested protective suits and the protective boots with regard to penetration of jet fuel (JP-8).

As for the protective suits, the differences in properties are not so pronouriced. The suits are all

permeable and they differ only in material thickness and special protective treatments (water

repellent, flame & acid resistant, antifiame).

A breakthrough limit based on a permeation rate of I tg/(cm 2 min) was used in this study.

This limit is not evaluated against any toxicity data for jet fuel and the breakthrough times from

this study should only be used for comparing the tested suits and boots. The accumulated

penetrated amounts of jet fuel were reported for one parallel of each suit and for three parallels

of the protective boot at certain times in the analyses. The results show how fast jet fuel is

penetrating the materials when exposed to an excess of this liquid. This gives the Air Force the

possibility to evaluate the protective suits and boots tested at FFIBM in accordance with their

own requirements.

Test number 1-00, 2-00 and 3-00 are all protective suits of different material thickness and

special protective treatments. According to our test criteria, the jet fuel breaks through these

suits at once. This is not unexpected since the materials consist of open fabric without an

impermeable membrane.

Test number 4-00 is a pair of Whites protective boots. These boots have an average

breakthrough time of 2 hours and 47 minutes, according to our test criteria.
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5 CONCLUSION

The results show that the protective suits have limited protection against jet fuel based on our

test criteria. The protective boots show better protection properties, but when choosing

protective clothing it is important to be aware of the clothes limitations and use them

accordingly.



Penetration
agent

Gaskets

Carrier gas
in

ilter paper

est material

Film

Carrier gas
out

C;

0
©

)graph

12

APPENDIX

A TEST CELL AND SET-UP OF THE SYSTEM
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B PENETRATION RATE AND ACCUMULATED PENETRATED AMOUNT OF

JET FUEL (JP-8) FOR THE PROTECTIVE SUITS AND BOOTS

Penetmtion rate JP-8
Protcctive suits

0.02

0.015

El	 0.01ri

E

0.005

0	 2	 4	 6	 8

Time (h)

---Test number 1-00

-.--- Test number 2-00

-g-- Test number 3-00

-.- Breakthrough limit

Accumulated penetrated amount JP-8
Protective suits



0.007

0.006

0.00!

0

0	 2	 4	 6	 8

Time (h)

0,005

E 0.004

'b 0.003

0.002

-.- First parallel

-.-- Second parallel

—-Third paraliel

--- Breakthrough limit

1.4

1.2

E 0.8

E 0,6

0.4

0.2

0

0 2	 4	 6	 8

Time (h)

—.---First parallel

-'-- Second parallel

—.--Third parallel

14

Penetration rate JP-8
Protective boots

Accwnulated penetrated amount JP-8
Protective boots



15

References

(1) Pedersen B, Johnsen B A (1997): Permeasjonsanalyse av engangshansker (Permeation
analysis of protective gloves), FFIJRAPPORT-97/02750, Forsvarets forskningsinstitutt
(Offentlig tilgjengelig).

(2) Norges Standardiseringsforbund, Norsk Standard NS-EN 369 (1993): Vernetøy Beskyttelse
mot flytende kjemikalier Prøvingsmetode: Materialers motstand mot gjennomtrengning av
væsker (Protective clothing Protection against liquid chemicals Test method: Resistance of
materials to permeation by liquids).


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12

